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A des cripti on of the DSN vI,BI dat a set and of most aspect S of the
dataanal ysis can be foundi n | ERS Technical Not e 17, PP, R-19t o R- 32
( sce al so 1 KRS Techni cal Note 19, pp . R-21t o R-27) . The main changes in
this year * s analysis f romlast. year * s are Si np] y duet oi ncl uding
anot her yvear ' s data .

Thi s year we have renpved one! smal 1 di screpancy between the 1 ERS
st andards and our software by compu ti ng t he equat i on of equi noxes usi ng
t he mean of date obli quity rather than the true of date obli quity (see
1 BRS Techni cal Note 13, pp . 30-31) . W st i 11 compute the pol € Li de
using the full value of the pPo ar motion in the conventi onal terrestria
sySt em wi th no “mean” val ue removed, Si nce the concept of a “nean” here
scems poor] y clef i ned (see 1KRS Technical Note 13, p. 59)

Some chang es in processing strategy we re test ed but. were not
adopt ed for the f inal s0] ut i on because they did not, scem to
signi f icant 1y improve the resul ts . 7Thi s year these included
(a) estimati ng permanent. troposphere gradi ent s at each compl ex, and
(b) adjusting the observabl € uncertainty based on the scan durat i on
(intended primarily to better account- for errors in the delay rate
observabl es induced by tropospheri c vari at, i ens)

Our approach to model ing the tropospheri c effects on the VILBI
observables was as fol lows . A priori dry zeni th tropospheri c de] ays
were det ermi ned f rom barometri ¢ pressure measur ements at the DSN si tes |,
corrected for height di fferences between the pressure sensor and t-he

ant exmas . A priori wet zenith tropospheric delays were derived from
tables of monthly average wet. zenith delays for each station, which are
based on historical radio sonde data. The Lanyi function was used for
mappi ng zenith tropospheric del ays to observed el evations. ‘I"he
temperature at the top of the boundary |ayer, a parameter in the lLanyi
funct ion, was taken to be the 24-hour average of the surface temperature
at. the station. Adjustments to the wet troposphere zenith delays were
estimat ed every two to three hours .

During calendar year 1995, the TEMPO project produced earth
rot at i on measurenents from 85 dual frequency observing sessions, with
a median st andard error along the minor axis of the error e]] ipse of
0.3 milliarcseconds (mas) , anti al ong the major axi s of 1. 5 mas . Duri ng
1995 the nedian turnaround tinme for TEMPO neasurenents, from observation
to avai labi 1ity of ecarth orient. at. ion paranmeters, was 43 hours.

In the Tidal KRP t-able below, the argunment. conventions are those of
Severs et. al . (1993). The formal errors range from 10 to 43
microarc seconds but real istic uncertainties are probably about 70
mcro carcseconds (one st andard deviation)
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Short Period Tidal ERP Vari ations

Peri od UT1 (mic roseconds) Po] ar Moti on
Amp 11 tude Phase
Term  (hours ) Cosine &ine (mi croarcseconds ) (degrees)
prograde retrograde prograde retrograde
K2 11.96724 2.2 3.2 45 76 54 221
s2 12.00000 0.8 9.8 4 120 134 312
M2 12. 42060 9. 8 16.8 11 251 116 277
N2 12..65835 - 1.2 1.6 22 38 103 2473
K1  23.93447 11.9 22.4 169 0 139 *
Pl 24.06589 - 31 - 3.3 T 0 316 *
01l 25.81934 -13.5 -14.6 141 0 313 *
01 26. 86836 3.5 - 0.5 40 0 311 *

Celestial Fphemeris Pole Mtion Model
{(nutations relative to ZMOA-1990-2)

1AU- Index Peri od |’ base Component Adjustment Formal General | zed

Error Error

days mas mas [na s

precession Longitude -3.00/yr 0.04/yr 0.05/yr
obliquity rate Ooliquity -0.26/yr 0.02/yr 0.02/yr

Y- of f set. 1. sin eps -1-1.29 0.21 0.24

x--of f set Obliquity + 5.48 0.24 0.25

] -6798.38 In Loongi tude - 0.10 0.24 0.29

Obliguity - 0.06 0.0"/ 0.07

Qut Loongitude + 0.21 0.15 0.18

Obliquity - 0.03 0.11 0.11

2 -3399. 19 in Oblicquity - 0.22 0.04 0.04

Qu t Longi tude -- 0.21 0.10 0.11

oliquity 1+ 0.10 0.05 0.06

J0 365. 26 In L.ongitude - 0.22 0.05 0.0'5

Obliquity + 0.06 0.02 0.02

Qut, I.ongitude + 0.35 0. 05 0. 06

Obliquity - 0.02 0.02 0.0.2

9 182.62 | n Longi tude - 0.10 0.04 0.05

Oobliquity + 0.00 0.02 0.02

out IL.ongitude + 0.25 0.05 0. 06

Obliquity + 0.06 0.02 0.02

31 13.66 In Longi tude - 0.25 0.04 0. 08

Oobliquity + 0.10 0.02 0.03

Qut Longi tude 4+ 0.48 0. 05 0.09

Qoliquity + 0.10 0.02 0.03

-429.8 In L.ongi tude - 0.18 0. 06 0. 06

Oblicuity + 0.03 0.02 0.02

Qut Longitude - 0.33 0.04 0.05

Oobliquity - 0.19 0.02 0.02




Technical description of solution JpPlL 96 R 0]

1 - Techni que : VI Bl
2 - Anal ysi s Center : J Pl
3 - Software us ed: MODEST
4 - Dal a span : Oct 78 el 96
5- Celestial Reference Frane: RSC (JPI, 96 R 01
a - Nature: extragal acti ¢
b - Definit. i on of the orientation:

The Ri ght Ascensi on and Decl i nat i on of 03 287 (08%514202)
and the Declination of CTD 20 (0234428%) were he] df i xed
at. the values speci f i ed in RSC (I KRS) 94 C 01 .

6 - Terrestri al Ref erence Frane : SSC(JPL ) 96 R 01

a - Relat ivi ty scale: LET {TDT=gecoce nt. ri c wit h 1 AT)
The rel at. ivi ty model used i S
essenti al 1y equival ent to the
“ consensus model “ descri bed by

Fubanks .
b - veloci ty of light: 299 792 458 In/s
¢ Geogravi tati onal constant : 3.9860 0448 *1 0* *14 w**3*g* 4.2
d - Permanent ti dal correct i on : Yes

e - Definit ion of the ori gin, and

f - Definit. i onof the orient. at, ion:
Si X constrai nt. S were appl i ed to the nine coordi nates
(at epoch 1993.0) of DSS 15, DSS 45, and DSS 65, such that
i { a seven paraneter transformati on (3 translations,
3 rota Lions, 1 scale) between t-he JPI, 1996-1 and ITRF-93
systems Were est. imated by unweighted |east. squares appli ed to
the coordinates of Dss 15, 45, and 65, t-hen the resulting
3 translation and 3 rotation parts of t_he transformat ion
woul d be zero whi le the scale could be nonzero and unknown in
advance of conputing the cat alog. (When expressed as the dot
product. of a nine dimensional unit vector with the nine
sta Li on coordinate s, each constraint. is assigned an a priori
standard deviation of 5 mm this does not affect the
resulting coordinates but. does affect the cal cul ated formal
errors, giving them a more spherical distribution than would
result if either very large or very smal 1 a priori stand ard
devi ati ons were used. )

g - Reference epoch: 1993.0
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Tectoni ¢ p] atenmodel: 1 %RF - 93 plus ad | US t ment s
Constraint for t i me evolut j on:

Threc- dimensi onal sit ¢ vel oci ties Were est. imated for cach of
the three DSN compl exes . Al 1stat i ons i N each DSNcomplex
were assumed to have the same site vel ocity . The vel ocit 1 es
were cons trained so as to produce no net. transl at. i on rat ¢ and
no net rot at ion rate, for the net-work composed of the three
DSN complexes, relat ive to the net. motion of this network of
three si tes as expressed In the ITRF- 93 velocity f ield.  ( when
expressed as the dot product of a ninc dinen s jonal uni t. vect or
wi th the nine site vel ocit y component s, each const rai nt I's
assi gned an a pri ori st andard devi ati on of 1.0 wn/yr ; this
does not. af fect the resul ting veloc ity components but. does

af fect the cal culat ed formal errors, giving them a morc
spherical dist ri buti on than would result if eit her very |arge!
or very smal 1l a priori standard deviations were used. )

Farth Orientation: FOP(J PL) 96 R 01

a

A priori precession model: 1AU(1976) plus adjustments

b - Apriori nutation model : ZMOA - 1 990-2 plus adjustmen tg

¢ - Short-period tidal variation sin x, y, UTl1:

As part. of the JPL 1996-1 cat-slog solution we est imated
coefficients of a model of WRP variations at four
nearly-diurnal and four ncarly- semi diurnal tidal frequencies
(Near ly-diurnal polar motion variations were constrained

t-o have no retrograde part. , thus allow ng sinultaneous

est imation of nut at jons.) The reported earth rota tion
paramet ers have had these tidal f requency variat i ons

removed according to the paranetric model estimat ed in tite
catalog solution. (In other words, these effects have NOT
been added back in produci ng EOP(JPL )96 R 01 .)

- kstimated Paraneters:

a

b

C

d

Celestial Frame: right ascension, declinati on
(all sources, but. see 5b)

Terrestrial Frame: Xo, Yo, %Z0, X, Y, z
(by st at ion) (by Sit. e)
Ear th Orien tal jon: UT0-UTC and Variat ion of lLa titude

of the baseline vector
precessi onconstant , obliquity
rate, celestial pole
o ff setg at J2000
coef f icients of 23 nu tation terms
coefficients of 40 di urnal and
semd di urn al ti dal terins | n KR P

Others wet zeni th tropospheric delays
stat 1on clock o {{set s, rates,
and f requency of f set s




Appendix 1:  Summary of TEMPO Report to 1KHRS:

A NASA ' s Deep Space Network operates radi ot el escopes i nt hree
complexes . in Australia, Spain, and the USA (Cali fornia) . V1.B1 dat a

col 1 ect ed f rom these sites by JPI, between 1 978 and 1996 were anal yzed

for celestial and terres trial frames and earth rot at i on paramct ers,

and report ed as JPl, 96 R 01 , The cel est. i al f rame gives coordi nat es f or
286 radi o sources and i s t i edt o RSC (1 BRS) 94 C 01t hrough three coordi nat es
of t wo sources . The terrest ri al frame gives st at i oncoordinatesand
velocit ies for 10 st at ions in 3 sites, andi sti edt ol TRF-93 i n bot k

] ocati on and vel oci ty uUsing one station in each site. The anal ysi S ¢i ves
at ime series BOP{JPL) 96 R 0] cent aining the UT0-UTC and Variation of

lLat i tude of a base] ine vec tor at a f requency of two measurements per

week . AdAi L1 onal earth rot at ion i nf ormati onis providedi n est i mted
correct i ons to precessi oOn, ob) iquity rat ¢, celestial pole offsets at

epoch , 23 coefficients of nut ation terns, and 40 coefficients of a
paramet. ri ¢ model for the nearly - diurnal and nearl y- sem diurnal t i dal

f reguency vari at ions of UT1 anti pol ar noti on.

Appendi X 2:  Operati onal Charact eri sti cs of TEMPO VI, BI Data :

NASA ‘ s Deep Space Net work (DSN) operates radi o tel escopes f or the prinmary
purpose of communi ¢at i ng wi th interpl anetary spacecraf t. . The DSN has
three conplexes : in California, in Spain, and in Australi a. The ‘I)i me and
Farth Moti on Preci Si on Observati ons (TEMPO) project uses t-he DSN

tel escopes to make rapi d turnaround VLRI neas urements of stati on clock
synchroni zation and earth ori entati on in support of spacecraft navigation,
which needs extremely tinely, npderate accuracy ear th rota tion
informati on. | n TEMPO observations t-he raw bit St reams recorded at, the
tel escopes are telenetered to Jrl, for correl ation, S0 that. no physics]
transportation of magnetic tapes i s involved. TEMPO uses i-he

Jt "1, -devel oped Block 1 VLBI system which has a 500,000 bit-s/second

sampl ing rate, wi th time- divi si on mult ipl exing of channels . Thi s sampl ing
rate permi ts the tel emetry, and thus makes rapi d turnaround possi b) e. The
reduced sensitivi ty caused by the relat ively | ow sampl ing rat e in

compari son to other present - day VLBI systems i S 1 argel Y compensated “by Lhe
very large antennas and very |ow system noise levels of the DsSN

tel escopes . AL present the DSN nom nally schedul es two TEMPO observing
sessions per week, one on the Spain-Cal i fornia (SC) baseline, and the
other on t-he Australia-California (AC) base] inc. Each session is
generally 3 hours in duration (occasionally less) , and records a maxi mum
of 20 sources.

The Earth rotation results from each TEMPO neasurement. session are
reported by specifying the UT0 and Variati on-o f- Lati tude(DPHI ) of the
basel i ne VECTOR for that, session. FKach such UT0O-DPHI pair has an

associ ated error ellipse in the UT0-DPHI pl ane. kach such error ellipse
is conpletely specified by t-he reported standard errors and correl ation
coefficient between UTO0 and DPHI . For single base] ine VvLBI neasurenents

of ERP, such as the TEMPO measurenent-s, this error ellipse is typically
guite elongated, with a ratio of major axis to mnor axis of about. 4:1.

1 heref ore, for a proper interpretat ion of these data, it. is CRUCIAL t-o0
make full use of the reported correlat j on coef f ici ent . For a

single-basel ine VL BI estimate of earth rot. at. ion, the orient. at. ion of the
error €l lipse inN the UT0-DPH1 plane i s nmost 1 y determined by the gl oba
station geonetry. The direc Lion of the mnor axis of the error ellipse in
the UT0- DPHI pl ane as predicted by the station geonetry is called the




transverse rotat i on di rect i on, and corresponds t-0 the mot i on of the

ba gel ine in the 1 ocal hori zont gl at ecach stati on or equival ent 1y to a

rot. at i on about an axi s through the center Of the €aY th and t-he! mi dpoi nt of
the basel inc. inaddi tiont o being rel at. i vely insensi tive t o random
measurement. errors , the transverse rot a ti on component 1S also relatively
f ree of errors i ntroduced by tropospheri ¢ model ing errors , ant. cnna

def ormat i ons , and other sources of syst emat ic 1 ocal - vert ical errors .

TEMPO VIBI measurenments arc! i ntended to SUPPOrt. near- real - time knowl edge
of earth orientat ion. As a VI.BI data type, the TEMPO resul ts provi de UT]
i nf ormation that i s stab] e wi th respec t to the celestial and terrest rial

ref erence f rames . As a result, the TEMPO data are particul arl y ef f ect ive
when combi ned wi th a hi gh time-resolut i on, rapi d turnaround, but, not
inertial ly st-able source of uTlinf ormati on . At JPL., meteo rological 1y

measured gl obal at nosphere ¢ angul ar nonentum val ues (and forecasts) are
conbi ned wi th geodeti ¢ ERP data, | ncludi ng the TEMPO VI B I resul t-s, to
provide near- real - time values and short. term predi cti ons of earth
orientat ion (s ee: Freedman, AL P., Steppe, J .A., Dickey,J .0. , Fubanks,
7. M., anti Sung, 1,- Y., The Short - Term Predi ¢t i on of Universal Time and
Length- of - Day Usi ng Atmospheri ¢ Angul ar Momentum, J . Geophys . Res . , 99,
6981- 6996, April 10, 1994) .

The qual ity of real time knowledge Of earth orientation i s cri tically
dependent on the ti mel iness of the most recent measurewment, even i f i t has

relat ively large uncertainty. Therefore T KMPO resul ts are reported even
when the observi ng sessi on was degraded so that the nmeasurenent
uncert ainty I S much larger than the typi cal TEMPO uncertainty. Thus i t 1 S

i mportant to account for the reported uncertai nty accompanyi ng each TEMPO
resul L. Empiri cal rRMs residual s f rom a set of TEMPO data wi 11 be

dominated by t-he smal 1 number of large -uncertainty points . Therefore RMS
resi dual s are not- a good neasure of the typi cal accuracy of TEMPO
nmeasure ements .  The uncertai nty seal ing factors for the TEMPO data

devel oped by Ri chard Gross | n produci ng the combi nat i on-of - techni gues EOP
seri es SPACKYS were in t-he range 1.1 to 1.4. During cal endar year 1995,

t he TEMPO measurements had a medi an st andard error al ong the mi nor ax i g of
the error el 1ipse of O.3 m 11iarcseconds (mas), and al ong the maj or axi s
of 1. 5 nas .

TEMPO formal uncertainty es have decreased drama t-i cal ly f rom the beginning

of the program in 1980 to nepresent. . Thus " average” uncertainti es over
the full hi story of the program are not representative of the
uncertainti es of current neasurements . Simlarly, typical resi dual s over

the f ul 1 hi story are not. representative of current. residual s

Typi cal TEMPO resul ts fromthe Aust ral i a- cali forni a (AC) base] i ne have an
error €] lipse in the AC- U1'0-- AC- Variat jon- of - lLatitude plane that has i ts
major axis nearly aligned wi th the AC-UT0 axis and i ts minor axis necarly
al igned W th AC- Varia Lion-of - Latitude. Thus for AC points UTO i s
essentially the weak direction and residuals of order 1. 5 mas are to be
expect ed.  Mst of the in forma tion content of AC points is in the

Variat ion-of-La titude conponent, so failure to use t-he

Variat ion-o f- Lati tude amounts to throwing away npbst of the value of the AcC
poi nt - s. Properly used, the AC points contribut e substantially to
near-real-time knowl edge of Polar Mt ion VY, and signi f icantly to

very -near -real -time know edge of UT1 .

Typical TEMPO results from the Spain -Cal ifornia (SC) baseline have! an
error ellipse in the SC- UT0-- SC- Variati on-o - La titude plane tha t has its
maj or axi s rotated roughly 34 degrees away from SC- Variat ion- of- Lati tude




‘towards negative SC-UTO. Thus the SC poi nts have a typical UTO

uncertai nty of about (1.5 maS) * sin (34 degrees) = 0.8 mas. 1 f used

wi t hout considering the correlat jon between UT0 and Vari ati on of Lat i tude,
the U0 values will have errors of order O. 8 mas , Whi <1 amount s to

t hrowi ng away most, of the va] ue of the $C points . To get ful 1 value from
t he SC poi nts when combi ni ng t-hemwit h ot her KOP measurements , i t ishest
to}ser f orma ful 1y mult i variate conbination; f aili ngthis, oneshould at

1 cast combi ne one s know] edge f rom non- TEMPO sources of t he

SC - Vari at. i on- of - Lati tude with the TEMPO-report ed V10 - variat i on- of - Lat i tude
paj I and standard errors andcorrelation coef f i cient, toget ani wproved
SC- UT0 bef ore transf orming i t to UT1 . Geometrical 1 y thi s amounts to

in tersecting the angl ed SC error el 1ipse W tha “smalli npolar moti on but
largei nuTl* error el l ipse from other sources . Properly used, the scC

poi nts contribute subst ant, i al 1y to near-real - time knowledge of UT1 .




